Among patients with non-small cell lung cancer (nScLc), best supportive care (BSc) is well-known to improve patient's quality of life and prolong survival. This study aimed to clarify (1) the decision-making factors of BSC alone and (2) the prognostic factors after selection of no further anticancer therapies. We retrospectively reviewed the clinical data of patients with NSCLC between November 2004 and February 2014, who received BSC as only therapy and BSC after completion of anticancer therapies. One hundred eighteen patients received BSC alone. Among 860 patients treated with anticancer therapies, 236 were selected as control group, 160 of whom received BSC after anticancer therapy. The significant reasons for receiving BSC alone were: comorbidities of dementia, poor Eastern Cooperative oncology Group performance status (ecoG-pS), patients' wishes, pulmonary comorbidities, wild type epidermal growth factor receptor (eGfR), relevant social background and psychiatric comorbidities. poor prognostic factors at the start of BSc were poor ecoG-pS, presence of disseminated intravascular coagulation (Dic), and history of anticancer therapy. nScLc patients with comorbidities, wild type eGfR, and relevant social background factors tended to receive BSc alone. post-cancer therapy nScLc patients and those with Dic and declining ecoG-pS have a shorter survival period from the start of BSc.
opt-out method as one of informed consent in case of retrospective cohorts without invasion and intervention 11 . According to the Japanese Ethical Guidelines for Medical and Health Research Involving Human Subjects, we made announcement about this study and obtained informed consent from research subjects by displaying the disclosure document in the hospital from the approval data by certified review board of National Center for Global Health and Medicine until 31st August 2018. We described in the disclosure document about the objectives, methods, time period, enrolling criteria, handling of personal information including process of anonymization, means to disclose information on research, and means to respond to the consultation made by the research subjects in the document.
Statistical analysis. The primary outcome was to find the clinical factors related to the choice of BSC alone.
Secondary outcomes were the prognostic factors in patients with NSCLC receiving BSC alone as compared to those in the sequential BSC group.
Fisher's exact test or Mann-Whitney U test was used to analyze background characteristics of the accrual and BSC groups. We performed logistic regression analysis to investigate decision-making factors about BSC alone, and Cox regression analysis to investigate prognostic factors at the start of BSC, which was defined as the date of decision-making regarding BSC. Survival analysis, as an indication of prognosis, was performed using the Kaplan-Meier method and comparisons were made using the log-rank test. Overall survival (OS) was defined as the time from the date of pathological diagnosis to date of death due to any cause or date of last contact for subjects who were still alive. The survival duration following BSC was defined as the time from the beginning of BSC to death or last contact for living subjects.
Propensity score (PS) was calculated for the patient's desire for BSC without anticancer therapy was constructed for each patient using a logistic regression model. We performed not only crude analysis, but also PS-adjusted analysis to reduce potential confounding and bias due to the retrospective nature of this study.
For model selection for multivariate analysis, we identified variables with a p-value less than 0.1 in univariate analysis. Spearman's rank test and clinically clarified dependent variables were used to exclude the dependent variables from the above selected variables. A correlation coefficient (rho) of more than 0.3 as the absolute value with Spearman's rank test indicated a significant association. Some models were constructed with only independent variables as candidates. Akaike's Information Criterion (AIC) was used to select the best model among candidate models. In the final multivariate analysis using the simultaneous method, statistical significance was determined at a p-value of <0.05 with a two-sided test. All analyses were performed using SPSS Statistics software version 22 (IBM, New York, USA).
Results

patients.
A total of 978 patients were newly diagnosed with NSCLC between November 2004 and February 2014 ( Fig. 1 ). Among them, 118 patients received BSC alone. As the control group, 236 patients who received MTs, i.e. twice as many as those who received BSC alone, were chosen from the remaining 860 patients by random sampling without replacement. Finally, a total of 354 patients were enrolled in this retrospective cohort as the "accrual group".
Decision-making factors about BSc alone. These were determined using the entire accrual group. The background characteristics of the accrual group are summarized in Supplementary Table S1 and the information about the treatment is shown in Supplementary Tables S3 and S4 . The number of males was large in both groups, although there were no significant differences between the groups (p = 0.19). Patients in the BSC alone group were significantly older (p < 0.0001) and had more advanced cancer (p < 0.0001) and poorer ECOG-PS (p < 0.0001) than those who received MTs with supportive care group. Patients who received MTs with supportive care had more adenocarcinoma (p < 0.0001) or harbored more EGFR mutations (p < 0.0001) than those in the BSC alone group. In terms of comorbidities, patients in the BSC alone group had a greater incidence of pulmonary disease (p = 0.002), aspiration (p < 0.0001), dementia (p < 0.0001), renal dysfunction (p = 0.01), psychiatric disorders (p = 0.019), hematological disorders (p = 0.019), and relevant social background, such as the need for public assistance and psychiatric hospitalization (p = 0.009) than those in the MT group.
In order to know how patients with NSCLC made a decision about BSC alone, we conducted logistic regression analysis of the accrual group (Fig. 1 ). The results of crude logistic regression analysis are shown in Table 1 . There were 29 variables with p-values less than 0.1 in univariate analyses. We constructed 12 sets of multivariate models composed of variables that were not correlated with each other. The best model selected by AIC from among the 12 models is shown in Table 1 . This best model had 12 variables. Although 11 of the variables had statistically significant differences, 10 variables with odds ratios (OR) less than 0.85 or more than 1.18 were considered to be clinically useful 12 . Crude multivariate analysis indicated that the significant factors related to selection of BSC alone were: comorbidities of dementia, poor ECOG-PS, patients' desire for BSC, wild type EGFR, comorbidities of pulmonary disease, high serum hemoglobin concentration, renal dysfunction, psychiatric disorders and hematological disorders, and presence of the relevant social background.
The results of PS-adjusted logistic regression analysis are shown in Table 2 . PS-adjusted univariate analyses indicated 26 variables with p-values less than 0.1. The best model selected from among 20 sets of PS-adjusted multivariate models also had 12 variables. PS-adjusted multivariate logistic regression analysis was performed using this best model, which indicated the following factors as being clinically significant in decision-making regarding BSC alone: dementia as a comorbidity (OR, 37.0; 95% confidence interval [CI], 6.54 to 200.0; p = 0.0001), poor ECOG-PS (OR, 6.10; 95% CI, 3.83 to 9.71; p = 0.0001), patients' desire for BSC (OR, 22.2; 95% CI, 6.71 to 76.9; p = 0.0001), pulmonary disease as a comorbidity (OR, 3.83; 95% CI, 1.64 to 8.93; p = 0.002), wild type EGFR (OR, 2.68; 95% CI, 1.29 to 5.56; p = 0.008), presence of the relevant social background (OR, 5.44; 95% CI, 1.22 to 24.4; p = 0.027), and psychiatric disorder as a comorbidity (OR, 9.09; 95% CI, 1.26 to 66.7; p = 0.029) ( Table 2) . Supplementary Table S2 . Patients in the BSC alone group were significantly older (p < 0.0001) and had a better ECOG-PS (p < 0.0001) than those in the sequential BSC group. There were no significant differences between the two groups in terms of sex (p = 0.50). Patients in the sequential BSC group had more advanced disease at the start of BSC than those in the BSC alone group (p < 0.0001). In terms of comorbidities, a larger number of patients in the BSC alone group had dementia (p < 0.0001) and social issues (p = 0.01) as compared to the sequential BSC group. A larger number of patients in the sequential BSC group had pulmonary disease (p = 0.004) and liver dysfunction (p = 0.03) as compared to the BSC alone group.
Median estimates of OS were significantly longer in the sequential BSC group than in the BSC alone group (492.0 days; 95% CI, 349.2 to 634.8 days vs. 98.0 days; 95% CI, 62.1 to 133.9 days; p < 0.0001) ( Fig. 2a ). However, survival from the start of BSC alone (the period that patients were treated by BSC mainly after they quit anticancer therapies) was shorter in the sequential BSC group than the BSC alone group (36.0 days; 95% CI, 26.7 to 45.3 days vs. 98.0 days; 95% CI, 62.1 to 133.9 days; p < 0.0001) ( Fig. 2b) .
We conducted Cox regression analysis to elucidate the prognostic factors at the start of BSC in patients in the BSC group. The results of crude Cox regression analysis are shown in Table 3 . Univariate analyses indicated 25 variables with p-values less than 0.1. The best model selected from 7 sets of models consisted of 10 variables; this best model was used for crude multivariate Cox regression analysis. Clinically significant poor prognostic factors were as follows: history of anticancer therapy, poor ECOG-PS, and presence of disseminated intravascular coagulation (DIC).
Finally, PS-adjusted Cox regression analyses were carried out ( Table 4 ). By PS-adjusted univariate analyses, 20 variables with p-values less than 0.1 were detected. The best model selected from among 13 models consisted of 10 variables. PS-adjusted multivariate Cox regression analysis revealed that poor prognostic factors from the start of BSC were poor ECOG-PS (hazard ratio [HR], 1.54; 95% CI, 1.31 to 1.82; p = 0.0001), presence of DIC (HR, 3.35; 95% CI, 1.75 to 6.39; p = 0.0001), and history of anticancer therapy (HR, 1.62; 95% CI, 1.17 to 2.24; p = 0.001).
Discussion
This study was conducted to investigate the decision-making factors for BSC alone and prognostic factors from the start of BSC in NSCLC patients. In this study, PS was used to adjust for differences in background characteristics. The decision-making factors for BSC alone by PS-adjusted multivariate logistic regression analysis were poor ECOG-PS, patients' desire for BSC, wild type EGFR, presence of the relevant social background, and comorbidities such as dementia, pulmonary disease or psychiatric disorders. PS-adjusted multivariate Cox regression analysis revealed that poor prognostic factors from the start of BSC were poor ECOG-PS, presence of DIC, and history of anticancer therapy. www.nature.com/scientificreports www.nature.com/scientificreports/ Due to severe adverse effects and long-term disabilities following cancer therapy, patients sometimes hesitate to receive anticancer therapies despite their being medically recommended. BSC alone is selected as the therapeutic option when the patient cannot tolerate aggressive anticancer therapies. ECOG-PS was a fundamental factor in both decision-making for BSC and prognosis from the start of BSC in this study. For NSCLC patients, ECOG-PS is one of the necessary key factors to decide the anticancer therapies including radical therapies or the systemic chemotherapies 13, 14 . According to NCCN guideline and ESMO Clinical Practice Guidelines, NSCLC patients with poor performance status (especially ECOG-PS 3 to 4) are recommended not to receive aggressive anticancer therapies 14, 15 . On the other hand, in patients harboring EGFR mutations, even patients with poor ECOG-PS experience the benefits of improvement in ECOG-PS and survival extension with the use of EGFR-tyrosine kinase inhibitors 16 , and hence, several guidelines have recommended administration of these agents in NSCLC patients irrespective of ECOG-PS. The results of this study that poor ECOG-PS and wild type EGFR are factors used in the selection of BSC alone are consistent with the descriptions in previous guidelines.
For patients with comorbidities, selection of BSC alone depends on the individual's clinical situation. Patients with interstitial lung disease (ILD) have limited treatment options because aggressive anticancer therapies, such as surgery, radiation therapy, and chemotherapy, induce acute exacerbations 17 , radiation pneumonitis 18 , and drug induced ILD, which are sometimes fatal 19 . It is also difficult for patients with other pulmonary diseases, such as chronic pulmonary infection or severe chronic obstructive pulmonary disease, to receive aggressive anticancer therapies because of the worsening of infection or respiratory failure with these therapies.
Cancer patients with psychiatric disorders have higher mortality rates than the general population 20 . Several suggested causes for this are delays in the diagnosis and initial treatment of cancer, and the fact that the patients are less likely to receive standard treatment for cancer 21, 22 . Several studies have also assessed cancer patients with dementia 23, 24 . In the current study, BSC alone was selected for some patients with dementia or psychiatric disorders either by the patients themselves or by their clinicians if they were judged not to be suitable for aggressive anticancer therapy, although they had general indications for MTs.
Although median OS was longer in the sequential BSC group than in the BSC alone group, survival from the start of BSC alone was shorter in the sequential BSC group than the BSC alone group. PS-adjusted multivariate Cox regression analysis showed that patients receiving BSC after completion of anticancer treatment were 62% more likely to die than those receiving BSC alone. Continuing chemotherapy for advanced NSCLC for an extended interval leads to reduction in adequate supportive care such as symptom relief or hospice care and does not prolong survival 25, 26 . Hence, oncologists should recommend discontinuation of anticancer therapy at an appropriate timing for improving patient QOL and prolonging survival. Further, consistent with a previous report 27 , the presence of DIC after the start of BSC was a poor prognostic factor in our study as well.
This study has several limitations. First, this was a retrospective study. Since the standard treatment for NSCLC is well established, a prospective observational cohort would be preferable. Although our study was a retrospective cohort study, we used PS-adjusted multivariate analysis to eliminate confounding factors as much as possible. Table 2 . Propensity score-adjusted logistic regression analysis of choice of treatment with best supportive care alone. Social background includes the patient's history of public assistance and psychiatric hospitalization. Abbreviations: OR, Odds ratio; C.I., confidence interval; Variables with a p-value < 0.10 on univariate analysis were entered into the multivariate logistic analysis using the. simultaneous method. NI, not included in the best multivariate logistic regression model.
As another approach, artificial intelligence such as a fuzzy and soft set theory or an ensemble model of an artificial neural network, which were used to predict postoperative mortality or morbidity after lung resection 28, 29 , may be available to predict prognostic factors after the start of BSC alone. Second, because there has been remarkable progress in the treatment of NSCLC, such as the introduction of molecular targeted agents or immune checkpoint inhibitor antibodies 30 , the toxicities of these anticancer treatments are relatively reduced as compared to those of other kinds of treatment. Because of the duration of patients' enrollment and follow-up period, no patients treated by ALK inhibitors or immune checkpoint inhibitor antibodies could be included in this study ( Supplementary  Table S4 ). Hence, it is possible that the indications for anticancer treatment might relatively broaden when the further study including the patients treated by newer chemotherapies will be conducted. Third, TNM staging in this study was classified according to not the latest 8th edition of the TNM Classification of Malignant Tumors 31 but the 7th edition 10 . There are several changes including the subclassification of T and M factors and stage grouping between the 7th edition and the 8th edition. TNM staging is classified by an anatomical evaluation of tumor, and the treatment strategies have not changed dramatically. In this study, staging or T/N/M factors were not included in the best model or not significant in the multivariate analysis. We consider that the results in this report were sufficiently reasonable according to some published prognostic validation studies about 7th edition 32, 33 ; however, further research is necessary because there are several reports that the 8th edition is more effective in predicting prognosis 34, 35 .
In conclusion, the decision-making process for BSC alone involves several diverse factors, such as cancer genetic factors, ECOG-PS, comorbid diseases, patients' personal choices, and social background. When patients had poor ECOG-PS or occurrence of DIC at the time of decision-making regarding BSC, their survival duration was poor. In addition, the duration of BSC after completion of anticancer therapy was short because of an extended interval of chemotherapy. Hence, oncologists should recommend the proper withdrawal of anticancer therapy for improving QOL and prolonging survival in patients with NSCLC. Performance status is considered to be a pivotal factor in both decision-making and survival duration in patients receiving BSC.
Data availability
The datasets generated during and analysed during the current study are available from the corresponding author on reasonable request. Table 4 . Propensity score adjusted Cox regression analysis of survival from the beginning of best supportive care. Abbreviations: HR, Hazard ratio; C.I., confidence interval; Variables with a p-value < 0.10 on univariate analysis were entered into the multivariate Cox analysis. using a simultaneous method. NI, not included in the best multivariate Cox regression model.
